The tree and shrub flora of the Kaczawa Mountains (Sudetes, Poland) consists of 240 taxa, of which over 70 % are native. The biodiversity and chorological differentiation are reflected in a number of biogeographical phenomena, such as differences in floristic richness of native and alien species, concentration of borderline species, and cooccurrence of various taxa. Concentration maps of particular groups of taxa in the investigated area together with the statistical analysis point to distinct relationships between the distribution of these groups and earlier recognized phytogeographical units of the rank of three subdistricts (Kaczawa Mountains, Western Kaczawa Plateau, Eastern Kaczawa Plateau), which include eight geobotanical sections. The distinguished phytochorions cover territories of various areas demarcated by natural borders and characterized by specific components of woody flora, concentration of taxa exhibiting particular types of local geographical range, as well as by altitude, relief, geological structure, and local climatic and hydrological parameters.
Introduction
Maps of geobotanical regionalization represent a synthesis of present knowledge on spatial variation of flora (Matuszkiewicz 1993; Dahl 1998; Arita & Rodriguez 2004) . The regionalization results from relations between the development of vegetation and abiotic components of environment. The leading criterion to determine borders of phytogeographical units are maps of species distribution (McLaughlin 1986; Zemanek 1991; Wohlgemuth 1996; Lahti & al. 1998; Lawesson & Skov 2002; Valdés & al. 2006; Finnie & al. 2007; Preston & al. 2013) , while construction of regional divisions is based mainly on floristic criteria. Among the most often-used criteria there are local types of geographical range of endemic, borderline and mountain taxa and taxa of various ecological groups (e.g. Poldini & al. 1991; Korsch 1999; Pausas & Sáez 2000; Bruun & al. 2003; Kaplan 2012) . Less often chorological differentiation of woody flora is taken into consideration (Ojeda & al. 1998; Gómez-González & al. 2004; Kosiński 2005; Abbate & al. 2012) .
The Kaczawa Mountains and Kaczawa Plateau are a unique region of Poland in natural and landscape terms, with richness and diversity of flora not encountered in other parts of the Sudetes. Among numerous mountain, thermophilous and rock taxa that occur here, many attain the limit of their geographical range. This is also true for the tree and shrub flora. Therefore, the main objective of the present study was the revision of postulates concerning geobotanical regionalization of the Kaczawa Mountains and Kaczawa Plateau and its comparison with regionalization based on woody flora. In particular (1) a taxonomic diversity of dendroflora was studied; (2) its spatial structure was determined; and (3) rules of taxa distribution were searched for by identification of groups of species representing similar types of geographical range and distribution of localities on the background of mosaics of different habitats.
Material and methods

Study area
The investigated area, located in south-western part of Poland, belongs to the Western Sudetes Mountains and Western Sudetes Plateau (Fig. 1) . It is divided on the basis of physiographical (Staffa & al. 2000a, b) and geobotanical data (Kuczyńska 1997; Kwiatkowski 2007) into the Kaczawa Mountains and the Kaczawa Plateau. The territory, covering about 1300 km 2 , extends between 51°15'52"N and 50°50'16"N and between 15°29'47"E and 16°13'00"E. The relative vertical height attains 588 m, from an altitude of 136 m near the confluence of the Nysa Szalona and Kaczawa rivers on the Kaczawa Plateau, to 724 m on the hill known as Skopiec in the Kaczawa Mountains.
The Kaczawa Mountains (Bober-Katzbach-Gebirge) represent a system of parallel mountain ridges separated by tectonic faults. They are characterized by asymmetry of hill slopes, a system of rivers, creeks and streams, rocky relief, and a mosaic geological structure (crystalline limestones, dolomites, diabases, keratophyres, serpentinites, etc. - Baranowski & al. 1990; Sawicki 1997) . These traits influence the vegetation and flora, especially the richness of mountain, calciphilous and thermophilous taxa (Limpricht 1944; Kwiatkowski 2006) , and welldeveloped forest formations: marshy forests (Alnetum incanae, Carici remotae-Fraxinetum, Stellario nemorum-Alnetum glutinosae), beech forests (Cephalanthero longifoliae-Fagetum, Dentario enneaphylli-Fagetum, Luzulo luzuloidis-Fagetum) and sycamore forests (AruncoAceretum pseudoplatani, Lunario-Aceretum), as well as thermophilous scrub (Pruno-Ligustretum) (Kwiatkowski 2009 ).
The Western Kaczawa Plateau (501 m) is a rather flat hillocky region with a few isolated hills. Sandstones, gravels and conglomerates dominate in its geological structure. Its location within the Sudetes, and environmental conditions cause the presence of a large number of subatlantic and boreal taxa, as well as oligotrophic and acidophilic plant communities (Kwiatkowski 2009 ), especially coniferous forests (Dicrano-Pinetum sylvestris, Molinio caeruleae-Pinetum), acidophilic oak forests (Luzulo-Quercetum petraeae) and acidophilic heaths (Genisto germanicae-Callunetum) with characteristic contribution of small shrubs.
The Eastern Kaczawa Plateau (468 m) comprises mainly volcanic hills built of basaltic formation rocks, such as basanites, nephelenites, trachytes, andesites, rhyoliths and greenstones (Grocholski & Jerzmański 1975; Kozłowska-Koch 1987 (Kwiatkowski 2009 ). The region is distinguished also by scrub (Pruno-Ligustretum, Pruno-Rubetum raduleae), with a high contribution of taxa from the genera Crataegus, Rosa and Rubus.
Data analysis
The objects of the present investigation were all native and permanently established taxa of trees and shrubs reported from the Kaczawa Mountains and Kaczawa Plateau. Floristic data were gathered directly during field investigations with the aid of the cartogram method ATPOL (Zając 1978) . The investigated area was divided into 346 basic squares each with a side of 2 kilometres. Two classifications of species frequency in the investigated area were used: one based on the percentage of localities in which the taxon occurs with respect to all the squares of the investigated area; the other using equal intervals of locality numbers.
The chorological analysis of native and alien dendroflora was performed on the basis of literature data (Kwiatkowski 2006) , supplemented with results of field investigation from the years 2010 -2013, together with analysis of groups of mountain, thermophilous, basaltic bedrock, river valley and stream taxa (Drude 1902; Zemanek 1988; Zając 1996; Mucina 1997; Matuszkiewicz 2002) , as well as taxa from the genus Rubus, which have distributions restricted to certain parts of the investigated area. The data are presented as synthetic concentration maps of taxa prepared with the aid of the software DMAP for Windows v. 7.2a (Morton 2003) . Diameters of circles shown in concentration maps increase with the number of taxa occurring within the cartogram unit. Equal ranges of numbers of taxa per unit were used to define classes of taxa concentration. On the basis of the concentration maps, phytogeographical units were identified, which are characterized by generally uniform tree and shrub flora. The units were the subject of cluster analysis using the Jaccard similarity coefficient, performed with the aid of Matlab (The Mathworks, Natick, MA, U.S.A.).
The geographical-historical status of each taxon was determined taking into account the general distribution of individual taxa and the hierarchical system of phytogeographical elements (Zając & Zając 2009 ). Names of species, subspecies and varieties are according to Mirek & al. (2002) , while hybrid taxa are according to Kubát & al. (2002) and Rothmaler & al. (2005) . Syntaxon nomenclature is after Matuszkiewicz (2002) and Kwiatkowski (2009) .
Results
Chorological diversity
Nearly 13 000 records for cartogram units were gathered for the investigated area, recording the occurrence of 240 tree or shrub taxa, including 190 species, 26 subspecies and varieties, and 24 hybrid taxa (see Appendix). Individual taxa differ both in the total number of localities and the type of local geographical range.
The contribution of taxa representing different categories of occurrence frequency (Fig. 2, upper graph) , as in Kwiatkowski (2006) , shows that the first three categories, which comprise generally rare taxa, are dominating. Their domination in the tree and shrub flora becomes still more apparent when equal ranges of locality numbers are used to define frequency categories (Fig. 2, lower graph) . As much as 71.25 % of species have the smallest number of localities, i.e. not more than 50. They occur in habitats of both natural and modified character. Analysis of the origin (geographical-historical spectrum) of the whole tree and shrub flora shows that native species (172 taxa) are dominating over alien (68) .
The regions of the highest richness of native species are the central parts of the Kaczawa Mountains, the N and S parts of the Eastern Kaczawa Plateau, the isolated hill Grodziec (389 m a.s.l.) of the Western Kaczawa Plateau, and part of the river Kaczawa valley, where from 57 to 74 taxa per cartogram unit were noted. The distribution of alien tree and shrub taxa is not uniform. In the majority of the investigated area the contribution of these taxa is low, while in N parts of the Western Kaczawa Plateau and the Eastern Kaczawa Plateau (in towns: Bolesławiec, Bolków, Świerzawa, Wojcieszów, Złotoryja) their concentration is the highest, from 11 to 15 taxa per cartogram unit. From the chorological perspective, the investigated area is distinguished by a high diversity of taxa in the genus Rubus. Among 48 taxa reported from this region, some are rare components of the vascular flora of Poland, e.g. R. acanthodes, R. chaerophyllus, R. lignicensis, R. lusaticus, R. mollis, R. nemorosus, R. praecox and R. scaber. Species richness of Rubus in the investigated area is not uniform. From 16 to 22 taxa were noted in some cartogram units (Fig. 3) , especially those of the Eastern Kaczawa Plateau (including, e.g., the rocky hills Bazaltowa Góra, 367 m, Kozia Góra, 373 m, Wilcza Góra, 363 m, and Żarek, 205 m).
Ecological differentiation
Individual tree and shrub taxa of the Kaczawa Mountains and the Kaczawa Plateau are attached to different habitats and represent various ecological groups. They also have distinctly different and characteristic geographical ranges, as shown in concentration maps of mountain taxa, thermophilous taxa, taxa of basaltic bedrock, and those of the larger river valleys (Fig. 4 -7) .
Variation in the absolute altitude of the investigated area results in limited vertical ranges of mountain tree and shrub taxa. Their concentration within the area is not uniform (Fig. 4) . The number of taxa per cartogram unit generally decreases from south to north, i.e. along the decreasing absolute altitude. Thus, the highest concentration of these species (5 -7 species per unit) is in the Kaczawa Mountains. On the other hand, where local conditions are preferable also at lower altitudes (e.g. on the hill Grodziec), colonies of mountain taxa have persisted, comprising shrubs especially. Most of mountain taxa of the tree and shrub flora are components of natural deciduous forests (Querco-Fagetea: Alno-Ulmion, Fagion sylvaticae, Tilio platyphylli-Acerion pseudoplatani). It also has to be noted that in the investigated area some of these taxa attain extreme values of their vertical range in the Sudetes. This is true for, e.g., Lonicera nigra (< 450 m), Ribes alpinum (< 300 m) and Rosa pendulina (< 400 mcf. Boratyński 1991; Kwiatkowski 2007) .
Localities with thermophilous species occur mostly on the limestone hills of the central part of the Kaczawa Mountains, especially near Podgórki and Wojcieszów, as well as on basaltic hills in the N part of the investigated Fig. 5 . Concentration map of thermophilous species of trees and shrubs. Labelling as in Fig. 3 . Fig. 6 . Concentration map of species of trees and shrubs of basaltic bedrock. Labelling as in Fig. 3 . Fig. 4 . Concentration map of mountain taxa of trees and shrubs. Labelling as in Fig. 3 . area (Fig. 5) . These species exhibit specific temperature and humidity preferences (Rhamno-Prunetea: Berberidion vulgaris, Querco-Fagetea: Quercetalia pubescenti-petraeae).
Distinctive elements of the natural environment of the investigated area are hills built of basaltic rocks and their metamorphic formations (Grocholski & Jerzmański 1975; Kozłowska-Koch 1987) . Habitats that developed in such places are characterized by higher temperatures. Taxa preferring this type of bedrock occur mainly in the N part of the Eastern Kaczawa Plateau (Fig. 6 ). These are not only some of the thermophilous taxa but also species from the genus Rubus.
Certain tree and shrub taxa were noted almost exclusively in river valleys. Their localities in the investigated area are concentrated mostly along the rivers Bóbr, Kaczawa and Nysa Szalona. Therefore, along some parts of these rivers from 5 to 8 of these taxa were noted per cartogram unit (Fig. 7) . Richest in these taxa are the middle and lower portions of the river Kaczawa valley, separating the Western Kaczawa Plateau from the Eastern Kaczawa Plateau, where numerous patches of natural marshy forests (Querco-Fagetea: Alno-Ulmion; Salicetea purpur eae) are preserved.
Phytogeographical analysis
Species representing the European-temperate subelement (68 taxa, Fig. 8) , with geographical ranges centred on Central Europe, are the largest group among the native species. Among other elements, taxa with wider geographical ranges, e.g. Eurosiberian and European-temperate-Mediterranean, are more common. These three groups together comprise over 70 % of the native tree and shrub flora. Among alien taxa, in turn, American species dominate.
Important from the phytogeographical perspective is the contribution of native species that are borderline with respect to the whole of the Sudetes, attaining one of their geographical range limits within the Kaczawa Mountains and the Kaczawa Plateau. Most of these species attain their N and NW limits in Poland and some their N, NE or NW limits in Europe (Table 1 ). The occurrence of these species is distinctly connected to the highest parts of the Kaczawa Mountains and the Eastern Kaczawa Plateau. (Białobok & al. 1963 (Białobok & al. -1981 Kaźmierczakowa & Zarzycki 2001; Zając & Zając 2001) . Dry, highly insolated and partly rocky habitats are preferred also by Sorbus torminalis and Staphylea pinnata, for which the investigated area is the centre of distribution in the Sudetes (cf. Boratyński & Kwiatkowski 1998; Kwiatkowski 2003; Bednorz 2004 Salix lapponum -Boratyński 1991) . The richness of native flora in some cartogram units of the investigated area may be explained by the diversity of habitats (mosaic of geological structure, relief, hydrological system), developed plant communities, and human activity. The paucity of other cartogram units may be caused by special vegetation characteristics (complexes of weed communities, monocultures of forests) or a small surface area (only several %) lying within the investigated area, while the larger portion belongs to other geographical regions of the Sudetes, as is the case in some border cartogram units. The highest contribution of alien species is in turn typical for urbanized and industrialized sites, and vast forest complexes of the monoculture type. The presence of these species on the isolated hill Grodziec can be explained by historical introductions of some species that have persisted until the present day (e.g. Euonymus latifolia, Laburnum anagyroides, Physocarpus opulifolius, Populus ×canadensis, Salix ×pendulina, Symphoricarpus albus and Syringa josikaea; some of them being typical urbanophilous species), development of anthropogenic habitats, and deep changes in floristic structure within forest ecosystems. In forest ecosystems, a number of alien tree species (e.g. Larix decidua subsp. decidua, Padus serotina, Pseudotsuga menziesii, Quercus rubra, Robinia pseudoacacia) occur at secondary localities. It is worth noting that in the investigated area there is also a number of alien tree and shrub taxa (e.g. Cotoneaster horizontalis, C. lucidus, Rubus armeniacus, R. laciniatus, Spiraea tomentosa) , the localities of which enlarge their secondary geographical ranges in Central Europe (cf. Zieliński 1991; Weber 1993 Weber , 1995 Zieliński 2004; Kott 2009; Dickoré & Kasperek 2010) .
The presence of taxa that attain their geographical range limits is one of the phytogeographical phenomena that distinguishes the investigated area in the whole of the Sudetes mountain range. It results from several factors: (1) a location for the Sudetes generally, and especially the investigated region, extremely north with respect to other mountain ranges of Central Europe, between the provinces "Mountains Central European" and "Lowland Central European" (as in case of distribution of Lonicera nigra, Rosa pendulina and Rubus mollis); (2) a small distance from European refugia exhibiting a subatlantic character (Erica tetralix, Rubus lignicensis, R. lusaticus); (3) the existence of habitats adequate for development of thermophilous vegetation (Chamaecytisus ratisbonensis, Cotoneaster integerrimus, Staphylea pinnata); and (4) the unique richness of the genus Rubus. Absolute Euro- Fig. 9 . Phytogeographical units of the investigated area. pean range limits are attained by Rosa pendulina (Kurtto & al. 2004) and Staphylea pinnata (Meusel & al. 1978) , among others.
Among the borderline taxa, the presence of species from Rubus ser. Hystricopses H. E. Weber (R. capitulatus, R. seebergensis) is especially worth mentioning since they are an endemic element of the Polish vascular flora (Weber 1995; Zieliński 1993; Mirek & Piękoś-Mirkowa 2009) , as well as R. scaber from R. ser. Pallidi W. C. R. Watson, a subatlantic species with a disjunct geographical range in Europe (British Isles and, after a gap, Germany, the Czech Republic and SW Poland -Holub 1995; Ranft 1995; Weber 1995; Zieliński 2004) . The only localities of R. scaber, a hercynic postglacial migration element (Weber 1987) in Poland are in the Kaczawa Plateau, where they set the absolute NE limit of this species in Europe.
Concentration maps of selected groups of species and the statistical analysis show that a distinct relationship exists between the species distributions and the phytogeographical units recognized at the rank of three subdistricts and eight geobotanical sections (Fig. 9) . The units comprise territories of different surface areas demarcated by natural borders and represent characteristic distributions of habitats as well as tree and shrub flora.
Comparative analysis of the distribution of all the native tree and shrub taxa (cluster analysis, Fig. 10 ) confirms the existence of significant differences between the recognized phytogeographical units, especially those of the rank of subdistrict. The obtained dendrogram shows that the units are grouped into two clusters. The first one is the subdistrict Kaczawa Mountains (Fig. 10; . It distinctly differs from the remaining part of the investigated area by the presence of a number of mountain and thermophilous species, which do not occur or are very rare in the remaining regions. The striking feature of the second cluster is the close similarity of the tree and shrub flora of the N and S sections of the subdistrict Eastern Kaczawa Plateau (units 7 and 8). This is, among others, the effect of the occurrence of special taxa attached to basaltic bedrock and species of the genus Rubus. These phytogeographical units are somewhat similar to the subdistrict Western Kaczawa Plateau, especially to its geobotanical section Bolesławiec Plateau and the section Central-southern (units 4 and 5). On the other hand, the section Valley of River Bóbr (unit 6) exhibits distinct separateness from the other phytogeographical units. It results from partial regulation of the river bed, significant devastation of natural forest vegetation, and floristic paucity (the occurrence of only a few tree and shrub taxa per cartogram unit).
The borders and sizes of the phytochorions (subdistricts and geobotanical sections) used in the present inves- Kondracki's (1988) system; and by Matusz kiewicz (1993), whose method was based on variation of potential landscape phytocomplexes and vegetation landscapes. They, however, generally overlap with the regionalization based on the analysis of vascular flora (Kwiatkowski 2007 ). The main difference in the present regionalization is that a part of the River Bóbr valley has been excluded from the W section of the subdistrict Kaczawa Mountains with a resulting change in the subdistrict border. The list of taxa diagnostic for individual phytochorions, prepared on the basis of similarities and differences in local tree and shrub flora, includes groups of taxa representing different geographical ranges and habitat preferences ( Table 2 ). The Kaczawa Mountains are distinguished by mountain taxa (Lonicera nigra, Ribes alpinum, Salix eleagnos, Salix silesiaca) , the Western Kaczawa Plateau by subatlantic species (Erica tetralix, Genista pilosa), and the Eastern Kaczawa Plateau by thermophilous species (Chamaecytisus supinus, Sorbus torminalis) and the genus Rubus (e.g. Rubus capitulatus, R. lignicensis, R. radula). At the same time, the similarities between some subdistricts are manifested in several common diagnostic species.
Conclusions
The main conclusion of the present investigation is that the regionalization based on the results of geobotanical analysis of the dendroflora to a large extent overlaps with the earlier proposed regionalization based on the analysis of the whole vascular flora of the investigated region (Kwiatkowski 2007) . Borders separating the Kaczawa Mountains from the Western Kaczawa Plateau and Eastern Kaczawa Plateau run mostly along natural relief forms, and along the contact of units representing different geological structures. Their location and the size of the distinguished subdistricts and geobotanical sections are confirmed by concentrations of taxa representing various types of local range, statistical comparison of local flora, and physico-geographical conditions, especially the relief and geological structure.
